Introduction
Autoimmune thyroid disease (AITD), known to be the most common endocrine autoimmune disease, is an organic disease caused by immune irregulation related to the thyroid gland. AITD mainly includes two subtypes, Graves' disease (GD) and Hashimoto's thyroiditis (HT). The prevalence of AITD in the whole population has reached 2%-5% [1] . The presence of autoimmune antibodies, including antibody against TSH receptor (TRAb), anti-TPO antibody (TPOAb), and thyroglobulin antibody (TGAb), is the key immunological feature of AITD. AITD is also an immune polygenic disorder with a strong genetic component [2] . Recent advances in understanding the genetic basis for AITD documented the potential involvement of several genes in its pathophysiology. Polymorphisms in the genes, like TNFAIP3 [2, 3] , IL-37 [4] , and IRAK1/MECP2 [5] , have been implicated in the occurrence and development of AITD.
Interleukin-22 (IL-22), belonging to the IL-10 cytokine family, is mainly expressed and secreted by Th22 (CD4 + IL22+) cells [6] . IL-22 gene polymorphisms have been found to be a risk factor for various autoimmune diseases, like psoriasis vulgaris [7] and celiac disease [8] . Recently, a study of ours revealed the protein level of interleukin-22 in serum, and the expression of IL-22 mRNA in peripheral blood mononuclear cells (PBMCs) was elevated in GD patients compared to healthy volunteers, implying IL-22 as an inflammatory cytokine participating in GD [9] . However, the relationship between IL-22 polymorphisms and AITD as yet remains unknown.
The present study was focused on investigating the allele frequencies, genotype distributions of the IL-22 variants, and their correlation with the development of AITD and its clinical phenotypes.
Material and Methods

Ethics Statement.
This study was approved by the institutional review board of Jinshan Hospital of Fudan University. The importance of the research was explained to all participants and written informed consent was obtained from each participant prior to the research.
Design and Setting.
A case-control pilot was performed to define the allelic and genotypic profiles of polymorphisms (rs2046068, rs2227478, rs2227485, rs1179251, and rs11611206) within the IL-22 region in autoimmune thyroid disease in a cohort of Chinese origin and subphenotype groups.
Study Participants.
In total, all the subjects (including established AITD patients and controls) were local ethnic Han Chinese. The study group enrolled 975 patients first diagnosed with AITD, including 639 Graves' disease and 336 Hashimoto's thyroiditis ones, and 851 healthy volunteers. The inclusion criterion to the AITD was consistent with that as detailed in our previous papers [5, 10] . GD diagnosis was based on clinical manifestations, laboratory assessments (hyperthyroidism and positive TRAb, with or without positive TPOAb or TgAb), and diffuse goiter of the thyroid; HT was diagnosed based on the positive of either TPOAb or TgAb, with or without clinical and biochemical hypothyroidism and the presence of an enlarged thyroid. The suspected HT patients were further confirmed by the more accurate fine needle aspiration biopsies. The criterion for diagnosis of euthyroid in HT patients is normal TSH, FT3, and FT4. All AITD patients were collected from the Out-patient Clinic of Endocrinology of Jinshan Hospital of Fudan University. The sexand age-matched controls were from the Healthy Checkup Center of the same hospital, and they had no sibship with individuals in the patient group. The exclusion criteria for control subjects were positive thyroid antibodies against TPO tested by the immunochemiluminescence method (Roche Company, Shanghai, China) with high specificity and sensitivity. All the clinical and laboratory parameters were collected from patients' files and then analyzed.
2.4. Genotyping. Genomic DNA from AITD patients and healthy volunteers was extracted from 2 ml of peripheral whole blood using commercial RelaxGene Blood DNA System provided by Tiangen Biotech Company (Beijing, China), in accordance with the manufacturer's protocol. All DNA samples measured the concentration and A260/A280 ratio by NanoDrop 2000 Spectrophotometer provided by Thermo Scientific Company (USA). Only the DNA samples with great purity and concentration were prepared for the next polymorphism genotyping.
In the present study, marker-tagging single-nucleotide polymorphisms (SNPs) which mapped the IL-22 gene were chosen from the previous studies [7, 8, 11] . At the same time, we chose marker-tagging SNPs from the Hapmap CHB data using the software named HaploView to meet the following criteria: minor allele frequency (MAF) >0.05, HardyWeinberg equilibrium (HWE) with p > 0 01, and logarithm of odds (LOD) >3.0. For the IL-22 gene, we finally determined five loci covering the whole region of the gene to capture all the most common variants. In final, five tagSNPs, rs2046068, rs2227478, rs2227485, rs1179251, and rs11611206 of the IL-22 region, were selected. ) test was done prior to performing an association statistics. And exploration of the association was performed by comparing allele and genotype between AITD subjects and healthy ones using the χ 2 test or Fisher's exact analysis. Linkage disequilibrium (LD) analysis was performed for the five loci using the HaploView program. Two-tailed P values <0.05 were considered of statistical significance in all assessments. Odds ratio (OR) was to assess the correlation between each locus and AITD. 3.2. Hardy-Weinberg Equilibrium Analysis. IL-22 SNP genotyping identified the genotypes A/A, A/C, and C/C at rs2046068; T/T, T/C, and C/C at rs2227478; C/C, C/T, and T/T at rs2227485; C/C, C/G, and G/G at rs1179251; and G/G, G/A, and A/A at rs11611206. According to the genotyping results, the distributions of all genotypes at rs2046068, rs2227478, rs2227485, rs1179251, and rs11611206 in the IL-22 gene in the control group met the expectations of Hardy-Weinberg equilibrium (P > 0 01). Besides, we detected linkage disequilibrium (LD) between any two loci in the five ones of IL-22. The D values between any two loci among the four SNPs (rs2046068, rs2227478, rs2227485, and rs1179251) were obtained larger than 0.9, which shows that the four loci were in strong linkage disequilibrium.
Allelic and Genotypic Analysis.
There was no significant association between the IL-22 gene polymorphisms (rs2046068, rs2227478, rs2227485, rs1179251, and rs11611206) and AITD, GD, and HT (P values all larger than 0.05), which were shown in Table 2 . But the frequency of allele A of rs2046068 (77.83%) in HT patients was lower than that in controls (81.02%), although this association failed to reach significant probabilities (P = 0 079). Moreover, as seen in Table 3 , locus analysis of the alleles and genotype distribution in female AITD patients and female controls indicated that genotype CC of rs1179251 linked to the susceptibility of AITD (P = 0 048). But we found no evidence for an association between the allele and genotype distribution and the risk of AITD in male patients (P > 0 05, shown in Table 3 ).
Similarly, there were no differences in the allele and genotype distributions in male GD and female GD versus those in corresponding controls (P values all larger than 0.05, data not shown). Nevertheless, as displayed in Table 4 , compared to that in male controls, allele C at rs2046068, allele C at 2227478, and allele C at 1179251 can increase the risk towards the predisposition of HT in males (P = 0 0 27, P = 0 031, and P = 0 039, resp.). The difference in allele frequency observed for the polymorphism in rs1179251 was further verified by genotype probabilities, and genotype CC of rs1179251 was also associated with HT in male subjects (P = 0 007). 3.4. Genotyping-Phenotype Correlations. When next comparing the allele and genotype distributions of IL-22 polymorphisms the onset age between ≤18 years old and ≥19 years old, we found that genotype A/C at rs2046068, T/C at rs2227478, and C/G at rs1179251 were associated with the onset age in teenagers. Among them, A/C at rs2046068 and T/C at rs2227478 linked to the AITD adolescents (P = 0 034 and P = 0 028, resp.). Besides, the frequency of allele C at rs1179251 in AITD youngsters was more than that in AITD adults (P = 0 039, OR = 1.397). We further analyzed the allele and genotype frequencies of IL-22 SNPs with ophthalmopathy in AITD patients, and this study demonstrated that the SNP rs11611206 within the IL-22 gene was associated with thyroid-associated ophthalmopathy (TAO) (P = 0 023). Furthermore, the allele G in rs11611206 can decrease the risk of TAO by 28.9% (P = 0 097). The above data were all shown in Table 5 .
As shown in Table 6 , the similar stratification analysis method was conducted in the subgroup in GD and HT. Similarly, the genotypes CC in rs1179251 and GG in rs11611206 were correlated with Graves' ophthalmopathy (GO) (P = 0 036 and P = 0 045, resp.). In hypothyroidism patients with HT versus euthyroidism subjects with HT, the results showed the correlation with G allele in rs11611206 (P = 0 024, OR = 1.828).
3.5. Haplotype Analysis. Figure 1 showed that haplotype analysis performed for the 5 SNPs revealed that only one block exists including rs2046068, rs2227478, rs2227485, and rs1179251. Table 7 displayed that there were three main haplotypes, namely, CATT, GACT, and CCCC, of these four loci. Through HaploView software examination, there was no association between those three haplotypes and AITD, GD, and HT (P > 0 05). 
Discussion
Recently, it is clear that AITD has become one of the most important autoimmune healthcare in the population. However, the pathogenesis of AITD remains elusive. As we all know, the occurrence of AITD is with obvious sex tendency, and this disease is more popular in women with the ratio of female to male being 5 : 1 to 10 : 1 [13] . The disease also displays a family aggregation phenomenon, as there are 40%-50% of patients with their families suffering from thyroid disease [14] . Increasing data have demonstrated that environment factors, immune elements, and genetic susceptibility are all involved in the etiology of this disease [15, 16] . IL-22, as a member of IL-10 cytokine superfamily, is mainly secreted by Th22 cells and also by their dominant functional cytokine [17] . Our precious publication about a functional study to explore the possible biological mechanisms underlying the association between IL-22 and AITD has indicated that serum IL-22, the mRNA expression of IL-22, and Th22 cells are all increased in GD patients, implying that IL-22 as a proinflammatory factor participates in onset and development of AITD [9] . Recent studies have demonstrated associations between several variants of IL-22 and multiple immune-related diseases [7, 8, 11, 18] . In the present study, we attempted to find out the potential link of polymorphisms of IL-22 with the risk of AITD.
There were no significant differences among the five IL-22 gene polymorphism distribution in the whole AITD, GD, and HT subjects and controls, except that there was a weak association between allele A of rs2046068 and HT patients (although with no statistical significance). Because of the gender trend in AITD [13] , we subsequently conducted the sex-stratified analysis and indeed found some interesting and significant results through gender-stratified comparison. The results of our case-control study discovered that several loci of IL-22 are associated with the susceptibility of AITD in the Han Chinese population. For instance, genotype GG in rs1179251 linked to the female AITD and allele A in rs2046068 and allele T in rs2227478 decreased the risk to HT by 44.3% and 43.6%, respectively, and allele C in rs1179251 increased the predisposition for HT by 73.9% in male patients. The current study and our precious report [9] both imply that IL-22 participates in the pathogenesis of AITD, through polymorphisms and aberrant expression. There is no doubt that IL-22 as a vital cytokine takes part in the immune dysfunction of AITD, and as a key gene member, it will be added to the list of genes which influences the predisposition for AITD. Subsequent phenotype analyses further confirmed the association between IL-22 variants and AITD subphenotypes. In teenagers, the onset of AITD is often with much obvious family history [14] , which was also identified in our study that showed that the percentage of family history in teenager patients (30.48%) was higher than that in adult patients (12.41%). Our current research showed that genotype AA in rs2046068 and genotype TT in rs2227478 were correlated with the risk towards teenagers to develop AITD. Besides, it showed that allele C of rs1179251 increases the teenagers' risk for AITD by 39.7%. Similarly, a pervious paper of ours also reported that there is an association between TNFSF4 gene variations and AITD adolescents [19] . So these results strongly suggest that the occurrence of thyroid dysfunction in teenagers can be caused by family history, which means the genetic background. The eye disorder associated with AITD, called thyroid-associated ophthalmopathy, drastically reduces the quality of life in affected patients and even contributes to the disability of patients [20] . Enormous amounts of documents have shown that TAO is a complex disease with multifaceted mechanism including smoking history, thyroid dysfunction, and positive TRAb [21, 22] . We showed for the first time that genotype GG in rs11611206 within IL-22 gene is associated with TAO. When it comes to TAO, most people think first of Graves' orbitopathy (GO), as more than 80% TAO patients also present with Graves' disease [23] . In our present study, as for GO, the SNPs in IL-22 at both rs1179251 (genotype CC) and rs11611206 (genotype GG) linked to GO. Autoimmune hypothyroidism is largely caused by Hashimoto's thyroiditis, in which irregulatory immune responses against to the thyroid tissue happens [24] ; therefore, evaluation of thyroid function in HT is of particular importance. Our results suggested that rs11611206 polymorphism of IL-22, including both allele G and genotype GG, may be a genetic risk factor for autoimmune hypothyroidism in HT. Thus polymorphisms in the IL-22 gene confer predisposition to some subclasses of AITD. This is the first report about the IL-22 gene polymorphisms in AITD. Also, this is the first study on the link between the loci in the IL-22 region and AITD susceptibility in Chinese population. Further case-control researches with larger populations and more races are needed to identify these observations.
Conclusion
Current findings indicated that polymorphisms in IL-22 may explain part of the AITD genetic tendency. To be sure, IL-22 is a risk factor for the development of AITD.
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